To find the residual effects of long term exposure to mercury vapour, neurobehavioural tests were given to ex-mercury miners about 18 years after the end of mercury exposure. Seventy six male exmercury miners who had been exposed to high concentrations of mercury vapour (over 1.0 mg/m3) and with a history of mercury intoxication were compared with controls matched for age (within 3 years), sex, and education. Although the extent of the workers' symptoms caused by mercury poisoning, termed erethismus merculialis, decreased considerably after the end of exposure, matched paired comparison showed that performances of motor coordination, simple reaction time, and short term memory had deteriorated significantly in the exposed group. Multiple linear regression analysis of exposure variables with neurological examination measures showed positive correlations between poorer neurological performance and variables related to mercury exposure. Thus the duration of exposure correlated with poorer performance of hand-eye coordination, tapping, and a colour card reading test. Job categories classified by exposure to mercury also had a significant negative correlation with these performances. The period of years after the end of exposure hada significant correlation with better performance of reaction time and digit span. On the other hand, the history of intoxication itself had no significant correla- (1) disturbances of the motor system, such as fine tremor of the extremities and poor psychomotor performance,2" (2) deterioration of intellectual capacity, such as memory disturbances and poor verbal intelligence,5-'0 (3) alterations of the emotional state such as depressive mood, irritability, and listlessness,' and (4) peripheral neurotoxicity, such as polyneuropathy with prolonged motor and sensory nerve conduction. '1-4 There are, however, only a limited number of reports on neurobehavioural effects after the end of exposure. Albers et al recently examined 247 ex-workers who had been exposed to mercury vapour for 20 to 35 years previously to identify potential exposure related neurological abnormalities."5 They found that subjects with a history of peak urinary mercury concentrations above 0-6 mg/l showed significantly decreased strength, decreased coordination, increased tremor, decreased sensation, and increased prevalence of Babinski and snout reflexes when compared with the subjects with lower exposure. In our study we have surveyed symptoms and neurobehavioural performances of ex-mercury miners about 18 years after the end of exposure to mercury to find if there were any adverse residual effects of long term exposure to mercury vapour.
Abstract
To find the residual effects of long term exposure to mercury vapour, neurobehavioural tests were given to ex-mercury miners about 18 years after the end of mercury exposure. Seventy six male exmercury miners who had been exposed to high concentrations of mercury vapour (over 1.0 mg/m3) and with a history of mercury intoxication were compared with controls matched for age (within 3 years), sex, and education. Although the extent of the workers' symptoms caused by mercury poisoning, termed erethismus merculialis, decreased considerably after the end of exposure, matched paired comparison showed that performances of motor coordination, simple reaction time, and short term memory had deteriorated significantly in the exposed group. Multiple linear regression analysis of exposure variables with neurological examination measures showed positive correlations between poorer neurological performance and variables related to mercury exposure. Thus the duration of exposure correlated with poorer performance of hand-eye coordination, tapping, and a colour card reading test. Job categories classified by exposure to mercury also had a significant negative correlation with these performances. The period of years after the end of exposure hada significant correlation with better performance of reaction time and digit span. On the other hand, the history of intoxication itself had no significant correlation with any ofthe current neurobehavioural performances. These results suggest that there are slight but persistent effects on neurobehavioural function, especially on motor coordination, among mercury miners even more than 10 years after the end of exposure.
(Occup Environ Med 1994;51: [35] [36] [37] [38] [39] [40] [41] Chronic inorganic mercury poisoning in humans is characterized by the development of tremor, psychic disturbances, and altered behaviour, the last two of which are known together as erethismus mercurialis.' According to published reports, the neurobehavioural effects of mercury vapour are categorised into four groups: (1) disturbances of the motor system, such as fine tremor of the extremities and poor psychomotor performance,2" (2) deterioration of intellectual capacity, such as memory disturbances and poor verbal intelligence,5-'0 (3) alterations of the emotional state such as depressive mood, irritability, and listlessness,' and (4) peripheral neurotoxicity, such as polyneuropathy with prolonged motor and sensory nerve conduction. '1-4 There are, however, only a limited number of reports on neurobehavioural effects after the end of exposure. Albers et al recently examined 247 ex-workers who had been exposed to mercury vapour for 20 to 35 years previously to identify potential exposure related neurological abnormalities."5 They found that subjects with a history of peak urinary mercury concentrations above 0-6 mg/l showed significantly decreased strength, decreased coordination, increased tremor, decreased sensation, and increased prevalence of Babinski and snout reflexes when compared with the subjects with lower exposure. In our study we have surveyed symptoms and neurobehavioural performances of ex-mercury miners about 18 years after the end of exposure to mercury to find if there were any adverse residual effects of long term exposure to mercury vapour.
Methods

STUDY POPULATIONS
The subjects were ex-miners of a mercury mine in Hokkaido, Japan, which started mining in 1939 In 1987, 18 years after the closure of the mine, the addresses of 149 ex-miners were taken from lists of employees and the workers union, but 15 of them had already died. Finally, we were able to survey the health of 117 male workers, including ex-miners and workers in other job categories. After the closure of this mine, all of the ex-miners continued in employment. Some of them (seven miners) were transferred to another mercury mine and 22 moved to other mines in the same prefecture (11 to coal mines, nine to a copper mine, and two to a zinc mine). Those mines were also closed some years after the mercury mine was closed. HISTORY The subgroup of 76 ex-mercury miners with a history of mercury poisoning during their employment in the mercury mine was compared with matched referents on the bases of age (within 3 years), sex, and education. Seventy six controls were selected from 154 residents who visited any of the seven municipal health centres located in the neighbourhood of the mercury mine for annual screening of chronic diseases. Table 1 shows demographic characteristics of ex-miners with or without a history of mercury intoxication. Their mean age, education, duration of employment, time after exposure, and present mercury concentration in plasma, red blood cells, and urine were similar. The main difference between the two groups was in job categories. More than half of the workers with a history of mercury intoxication were engaged in mining or refining whereas only 14-6% of workers without a history of intoxication were employed in these two job categories.
A higher percentage of controls than exmercury mine workers were currently working, mainly because many of the controls over 60 years old were farmers. There were also some differences in the distribution of the job or industry categories, although there 
difficulties. Also, general symptoms, including those related to the autonomic nervous system, skin, and digestive system, as-well as the cardiac respiratory system were included. We also included symptoms caused by mining work (such as respiratory dysfunction, lower back pain, hearing loss, and vibration syndrome) and geriatric symptoms (such as long sightedness, joint or lower back pain, and loss of sexual desire) mainly because the mean age of the ex-mercury miners was over 60. The questions concerning chronic symptoms aimed to clarify whether they occurred in the past year or were present during employment at the mercury mine (or about 20 years ago for the controls).
Measurements of mercury concentrations in blood and uine Mercury concentrations in blood and urine were measured by the heat decomposition gold amalgamation method,2' with Nippon
Instruments MA-1S and D-2 at the time of the neurobehavioural study.
Neurobehavioural evaluation
The objective of the testing programme was to assess those residual effects of mercury exposure that were reported in previous studies. Tapping-Finger tapping is a motor speed task performed with a simple counter. The subject was asked to tap with his index finger as fast as possible. The whole task consists of 60 second trials with both hands.
Peg board and finger dexterity board-The subjects' task consisted of three different kinds of finger dexterity tests. The first test (replacement) was to replace as many sets of metal pegs in small round holes upside down as possible in 30 seconds. The task was performed with the preferred hand. In the second test a finger dexterity board was used and the subject was instructed to assemble rivets and washers with both hands and to use them to fill in as many holes as possible within the allotted time (90 seconds). In the third test (disjointing), the subject was asked to place the rivets on one side of a board and washers on a pole on the opposite side, separating as many of the sets as possible within 60 seconds. These are standardized tests used by the Japan Ministry of Labour for vocational aptitude.
Hand-eye coordination The hand-eye coordination tests consisted of aiming (a motor coordination test published by the Tokyo University Department of Rehabilitation, Ueda, 197125) Table 2 shows diseases experienced among ex-mercury miners with mercury toxicosis and their controls. The prevalences of hypertension, lower back pain, and pneumoconiosis among ex-miners with a history of mercury poisoning were significantly higher than among their controls. There were some increases in the prevalences of haemorrhoids and neuritis among ex-mercury miners, but those were not significant.
SUBJECTIVE SYMPTOMS
Detailed results on symptoms were presented in our previous report.18 Briefly, the symptoms more often experienced during employment at the mine rather than at present were tremors of hands, feet, and fingers, painful swelling of the gums, and central nervous system symptoms such as irritability and depression, which were termed erethism. By contrast, the symptoms more often experienced at present were geriatric symptoms such as long sightedness, decline in sexual desire, pain in the joints, back or hips, and frequent sputum and coughing. Although the extent of the symptoms of ex-workers caused by mercury poisoning decreased considerably after the end of exposure, comparison between the exposed workers and the controls showed that the prevalence of neurological symptoms (such as hand tremors, headache, and slurred speech), those associated with mining work (such as symptoms related to pneumoconiosis and lower back pain), and geriatric symptoms were significantly higher than in the group of controls. symptoms also had a positive association with job categories, mainly because considerable numbers of ex-pit workers suffered pneumoconiosis in this mine (table 2) . The ex-miners who consumed alcohol more often, complained less of nervous system and psychiatric symptoms than the ex-miners who consumed alcohol less often.
NEUROBEHAVIOURAL COMPARISON BETWEEN THE EXPOSED WORKERS AND CONTROLS
Matched paired analysis showed that grip strength, simple reaction time, performance of tapping, finger dexterity, hand-eye coordi- nation, speed of colour card reading, the block design test, and the short term memory (digit span) showed significant deterioration compared with controls (table 4) .
RELATION BETWEEN NEUROBEHAVIOURAL PERFORMANCE AND HISTORY OF MERCURY EXPOSURE
Multiple linear regression analysis showed significant relations between the duration of exposure and poor performance of hand eye coordination (aiming), tapping, and colour card reading. Job categories classified by exposure to mercury also had significant negative relations with these performances. It is not so easy, however, to determine if there were any residual effects of long term exposure to mercury vapour from the present results, because exposure related neurological dysfunction caused by mercury vapour is often reversible,36 and only rarely is the toxic exposure so massive or the neuronal target so vulnerable that irreversible neuronal changes ensue. The-ex-miners in this study had been working under conditions in which the mercury concentrations of the atmosphere were almost 100 times higher than the current threshold limit value (0 05 mg/M3) in Japan. Many of the ex-miners mentioned that they suffered from mercury poisoning so often that they could not remember exactly how many times they required inpatient care. Takahata et al37 studied two necropsy cases who had worked for about 10 years in the same mercury mine and had also worked as pit workers in other mines, including coal, gold, sulphur, and asbestos. Both cases showed residual effects of mercury exposure-namely, rough tremors and ataxia even 10 years after the end of exposure to mercury vapour. The mercury concentrations in the brains of the two cases were high, especially in the occipital cortex (33 56 and 14-80 ppm), parietal cortex (6&21 and 13-80 ppm) and the substantia nigra (23-05 and 18&00 ppm), although histopathologically no specific changes were found except electron dense granules in the cytoplasm of nerve cells, particularly Purkinje cells.
From an epidemiological viewpoint, it was difficult to find proper controls for our exworkers, because of their age and the fact that they had compulsory transfers to several jobs after the closure of the mine. Although we tried to find matched controls with the same educational attainment, age, sex, and residency, the occupational histories of the controls were not exactly in the same category as those of ex-miners. Thus we applied multiple linear regression models for all ex-mercury mine workers to clarify the effects of these confounding factors. Based on this analysis there are slight but persistent effects on neurobehavioural function, especially on motor coordination among mercury miners even more than 15 years after the end of exposure. Multiple regression analysis indicates that the effects of chronic mercury toxicity found after the end of exposure correlates with the duration of exposure, period after the end of exposure, and job categories. There was also an interaction between age and the history of intoxication.
Our results agree well with the study by Albers et al. 5 They found that ex-workers with high mercury exposure during their employment still showed significantly decreased strength, decreased coordination, increased tremors, decreased sensation, and increased prevalence of Babinski and snout reflexes when compared with control subjects, even 
